T HE prognosis of patients with intracranial neoplasms has steadily improved since the first attempts at their removal were made in the nineteenth century. 5~ Much of this progress has been attributed to the introduction of modern diagnostic procedures and the development of supportive techniques such as the transfusion of blood and the administration of antibiotics and intravenous fluids. But the greatest single contribution to the improvement in the prognosis of these patients was made by Harvey Cushing when he introduced the principles and standardized the techniques of meticulous cerebral surgery. 52, 5~ The early operations for brain tumors " . . . were all done by general surgeons who had no training or experience in brain surgery and no special interest in it; they simply felt compelled 'to do a brain case' and report it in order 'to keep up with Jones.' One unhappy experience usually sufficed to rid the general surgeon of his compulsion to be a 'brain surgeon,' and only the rare individuals let themselves in for another similar experience. A survey of the Surgeon General's Index Catalogue for the years 1886 to 1896 revealed the amazing fact that during the 10 year period immediately following the successful removal of a brain tumor by Horsley, more than 500 different general surgeons reported operations performed upon the brain! The fact that in the next 10 years from 1896 to 1906 the number of surgeons reporting cases had fallen to less than 80 reflected discouragement and a beginning return to sanity .... -43 Dr. Philip C. Knapp, a leading neurologist at the turn of the century, was one of several observers who collected the results of these early operations for brain tumors, a-6,2s,~5-4~ 42,4~-46 By 1906, " . . . he was able to see some improvement, due he says to the improvement in surgical technic, but even so the results were far from encouraging. In this final report Knapp was able to collect from the literature 8~8 cases of brain tumor which had been operated upon. Out of this number, 471 of the tumors were said to have been 'removed,' but as we now understand it, the removal in many in-stances, even of the benign growths, was doubtless far from complete. In the remaining 357 eases the tumor was not removed, and there were ~65 deaths in the series, a mortality of 3~ per cent .... "After the year 1906, when Knapp had eolieeted his dreary operative statistics on brain tumors, a great deal of progress was made during the next decade. In 1913 Tooth [4s] analyzed a series of 500 probable tumors from the National Hospital, Queen Square, and of these, ~65 had been operated upon between 190~ and 1911, in the majority of instances unquestionably by Sir Victor Horsley. Out of the ~65, there were 187 verified tumors and from this number there were at least 83 operative deaths, a mortality of 44 per cent. Nevertheless, there were 31 patients living at the time of Tooth's paper, a much better record than the figures Knapp had indicated in 1906 .... -33 "Keen [341 in 189~ advised that cerebral tumors be enucleated, if possible, with the finger, but if this were impossible, then a knife, scissors, sharp spoon or ordinary teaspoon be used to remove the entire mass piecemeal. If the tumor were subcortical, then a tiny incision was made into the cortex and the tumor could be palpated and removed with the little finger.
"This rapid removal of tumors was common practice until the advent of Cushing with his slow careful technique. In his 1908 monograph [71 he stated, 'An encapsulated tumor may be shelled out of its bed, with but little bleeding, by careful manipulations and the proper use of cotton which I prefer to hot irrigations as a hemostatic. When the cortex is to be incised above a tumor which has not reached the surface, the individual cortical vessels radiating from it must be doubly ligated with delicate strands of split silk, and the cortex incised between ligatures. Below the cortex there is often surprisingly little bleeding. The brain must be carefully separated from the growth with smooth, fairly blunt dissectors, and if bleeding occurs, a pledget of cotton is placed in the gap while another side is worked upon. In this way, by slow dissection, the tumor can often be clearly outlined with but little loss of blood and the production of no shock. The attempt to hurriedly dislocate a tumor outward by plunging fingers into the brain is atrocious. There should be a legal penalty imposed for 'speeding' in brain surgery.' (I71, p. ~40.)"30 "Tooth's figures of Horsley's tumor patients were . . . eclipsed . . . by the statistics offered by 188 Cushing E81 in 1915. In this report, which was an elaboration of his discussion of a paper by Professor ]~iittner on the operative treatment of brain tumors, Cushing reviewed the current operative mortality statistics pertaining to brain tumors as published at that time by the leading surgeons doing this type of work. Kiittner's own mortality was 45 per cent; that of Krause about 50 per cent; and of Eiselsberg 38 per cent. We have seen that Horsley's mortality was in this general neighborhood. Cushing astounded his listeners by submitting a mortality figure of 6.6 per cent for supratentorial tumors, and of 17 per cent for those below the tentorium or a combined mortality of 8.4 per cent for all patients operated upon. A further feature of extreme importance in Cushing's report was the fact that he had lost but one patient from meningitis, whereas in the Vienna series 10.5 per cent, and in the London series 11.7 per cent, of the patients had succumbed from this type of infection. As Cushing pointed out, the reason for this absence of sepsis in his cases was due to his careful closure of the galea as well as of the skin, thus preventing the wounds from breaking down, with the resultant fungus and meningitis. TM During the ensuing years Dr. Cushing and his associates encountered a large number of intracranial tumors, which they classified, studied, and treated. 1,2,9-~7,31,41,49,54 Our present knowledge of brain tumors is largely based on these experiences.
In 1931 Dr. Cushing performed an operation which " . . . served to verify the 3000th brain tumor in his series. Without his knowledge the staff had made elaborate preparations for photographs, movies, and a gala tea party reminiscent of that held on his sixtieth birthday .... "Louise Eisenhardt, fully prepared for the occasion, had all the tumor statistics available and was able to point to a steady lowering of Cushing's mortality rate during the previous ten years, save for a brief increase . . . immediately after the introduction of electrosurgical methods. Since there was no other comparable tumor series with which to compete, Cushing had become consumed with a desire to improve his own figures from year to year. He accordingly began in earnest to prepare on these lines for the 'paper' to be read at the International Neurological Congress in Berne --a paper which grew into a monograph and was later published by his friend, Charles Thomast20-=] ....
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At a meeting of the American Neurological Association on May ~4, 1931, Dr. Cushing gave a preliminary account of " . . . the mortality statistics pertaining to his large series of verified brain tumors, a grand total of 3,0~3 patients, 1,870 of whom were operated upon.J16,2~ There were 38~ postoperative deaths, namely, patients who died in the hospital from any cause whatever after operation, giving a case mortality of 30.4 per cent. This series, of course, included all of Dr. Cushing's brain tumor patients, starting with his earliest experiences in Baltimore in 190~. When the extremely high mortality of the early years is considered, it is indeed amazing that his total mortality was as low as it proved to be. As a contrast to the figures for the whole series, Cushing included the statistics for the three years previous to the communication. These showed that 413 patients with verified intracranial growths had been operated upon during that time, with 55 postoperative deaths, a case mortality of 13.3 per cent .... -32
A few months later Dr. Cushing presented a revised version of the same material at the First International Neurological Congress in Berne. 17-19 Twenty-five of his pupils attended, most of them to hear Dr. Cushing present his paper.
"Much of the life of the Congress centered about Dr. Cushing. He was returning after thirty years to the town where he grew up, as it were, and where he received the greatest inspiration for his life's work--and he was returning now to give an account of himself in the interval .... "The Congress opened on Monday, 31 August, in the Municipal Casino. The high point of this session was the awarding (by the University of Berne) of honorary degrees to Cushing and Sir Charles Sherrington. That the degrees were to be given had been kept in the utmost secrecy and was to be a surprise to both of the recipients. Considerable difficulty was encountered in persuading Cushing that his presence at the session was imperative, for as usual he was belatedly putting the finishing touches on his paper for the afternoon session .... "In the introduction to his paper, fourth on the program of the afternoon session, Cushing described his experiences in Berne in 1900-1901. At the beginning he spoke somewhat haltingly, but within a few minutes the hall was silent as he described the various factors which had led to the dramatic fall in his mortality rate in cerebral operations. 'Younger men,' he went on to say, 'picking up where I leave off, can reduce the mortality still further.' Then came the devastating and unexpected climax: 'Gentlemen, this will be the last report on the statistical results of brain tumors as a whole that I shall ever publish.' After a moment of complete silence there was a burst of prolonged applause. The Chairman, Ari~ns Kappers of Amsterdam, broke the precedent of no votes of thanks for individual papers by expressing heartfelt gratitude to Cushing in the name of the Congress for placing before them in such an inspiring way the brilliant results of his life's work."29 Since Dr. Cushing's death in 1989, his patients have been followed through the Brain Tumor Registry at the Yale University School of Medicine. At the Second International Congress of Neurological Surgery held in Washington, D. C. in 1961, Dr. Eisenhardt reported that a large number of these patients were still living 30-50 years after the removal of a gliomaW Dr. Cushing's outstanding accomplishments in the treatment of brain tumors have remained a challenge for the neurosurgeons of today. principles and practice. W. W. Keen Standards of computation. In calculating these mortality percentages the standard which we have set for ourselves is that every death in hospital following an operation from any cause whatsoever, no matter how long the interval, is recorded as" a postoperative fatality. There is no possibility of any exception being made to this rule, however justifiable it might appear to be, for the record is automatieally made by a secretary from the completed ease record after the patient's hospital discharge, living or dead. Were this precaution not taken, those personally interested would, now and then, find the temptation to evade an admittedly severe standard well nigh irresistible.
But should one begin to make exceptions to the rule, there would be no end to them--a patient about to be discharged after a successful operation has a perforated gastric ulcer; another gets out of bed at night to go to the toilet, trips over an obstruction and dies in a few hours from a fracture of the base of the skull; another during an epidemic of influenzal pneumonia has a fatal infection; still another has a coronary thrombosis five weeks after making a perfect recovery from his turnout extirpation. Similar examples might be multiplied and were they not automatically recorded as postoperative deaths, the temptation to exclude fatalities from other complications more obviously postoperative, such as pulmonary embolism, postoperative pneumonia, tuberculous meningitis after the successful removal of a tuberculoma, and so on, would be difficult to re-* Reprinted from Proceedings of the First International Neurological Congress (Berne, 1931) . Berne: StKmpfli & Cie, 1982, 78-78.
1 This paper represents the last portion of the communication made at the International Neurological Congress in Berne, 1931. The mortality statistics for tumours of different kinds and situations, separately considered, which form the basis of these tables, has been published as a monograph: 'Intracranial Tumours,' by Charles C Thomas, Springfield (Illinois), 1932.
Has appeared in part in the Journal 'Der Chirurg' (Berlin), Band IV, Heft 7, April 1932; see also: 'Archives of Neurology and Psychiatry,' Vol. 27, June, 1932. sist since no sharp line can be drawn between those due and those not due to the operation.
Having no convalescent home to which patients may be transferred and since a large proportion of them come from a distance, they are necessarily retained in hospital longer than would otherwise be necessary, 2 and there is ample time for intercurrent disorders to develop which bring additional risks. Another element which tends to increase the percentage of postoperative fatalities among histologically verified tumours is the high incidence (averaging over 90%) of postmortem examinations that are secured. Owing to this, many tumours are identified at autopsy which otherwise, owing to negative explorations, would have remained in the list of tumours unverified. What is more, we frequently retain in hospital for indefinite periods--five months in one instance-patients whose tumours we have failed surgically to verify with the understanding that in the end permission for an autopsy will be given.
Then, too, as was stated in another connection, the case mortality of all malignant gliomas, in the process of working out their life history, should theoretically be 100%; for if operations for recurrences are systematically pursued to the end, it is almost a certainty that the last of them will be followed by a postoperative fatality. With all these things to consider, it is obvious that the operative statistics of two surgeons with equal skill and experience may legitimately vary within wide limits.
In all calculations of operative-mortality percentages there is still another element to consider: viz., What is and what is not to be recorded as 'an operation'? E yen though they may be attended with risk and lead to a fatality which permits postmortem verification of a tumour, we exclude, as all others would do, the simple punctures--lumbar, cisternal, transphenoidal or ventricular. Nor do we record as operations the minor surgical procedures necessary for the securing of muscle from the patient's leg, nor those for blood transfusions or those for ventriculography, even though the latter procedure may at times be hazardous and occasionally lead to a fatal issue. We do, however, record as separate operations those requiring 2 The average hospital sojourn of the last 100 consecutive cases with surgically verified tumours has been 39 days. more than one session for their completion as they are almost invariably critical performances; and for the same reason we also record emergency reelevations of osteoplastic flaps necessitated by postoperative clot formation.
Then there is a final point to be decided: viz., When does the operation begin? Does it begin with the ward preparations or with the anaesthetic or only after an incision has been made? In many patients with brain tumours having an advanced syndrome the condition at best is serious. Sudden respiratory failure may occur should a patient with a cerebellar tumour strain to expel a preparatory enema, or have the neck unduly twisted while the scalp is being shaved, or, in days when ether anaesthesia was employed, from the early effects of the anaesthetic. Many patients after such accidents have been immediately operated upon under artificial respiration and some few of them thus saved.
No surgeon would conceivably hesitate for a second to face emergencies of this kind though they are very bad for one's mortality percentages. In the last consecutive 50 operations for acoustic turnout, for example, one of the two recorded fatalities (cf. Table III) was that of a patient operated upon in an agonal state after a sudden respiratory failure. Had the surgeon been thinking of his score rather than of possibly saving a life, his mortality figures for this particular group of cases would have been cut in half. One must draw the line somewhere and it seems fair to do so with the incision of the scalp.
1. Mortality percentages or the series as a whole. The writer's experience in neuro-surgery may be divided into three decades; the first as a beginner at the Johns Hopkins Hospital, from 1901 to 1912; the second, with its lost ground difficult to regain, due to a two years' absence during the War; and the third, from 19~ to 1931, during which period detailed week-to-week statistical records with annual compilations of the intracranial tumours have been kept by Dr. Eisenhardt, who made a detailed report on the subject two years ago? A highly condensed table (cf .  Table IV) , what the operating members of the neuro-surgical staff were themselves conscious of: namely, that in 1927 and 1928, on the introduction of electro-surgical methods, a number of patients, whose tumours when exposed had been regarded as inoperable, were called back and reoperated upon with a high mortality rate, partly because of the dangerous procedures undertaken and partly because of inexperience with electro-surgical principles.
It should be clearly understood that the computations on which the figures in Table III are based represent each year's work taken by itself, including therefore both new and old patients, with primary operations as well as those for recurrences.
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Apart from the figures for this particular 1927-1928 twelvemonth, there has been a. slowly progressive decline in the mortality percel)tages with a pronounced drop during the last year, which came somewhat as a surprise even though we were aware that it has been a good year. This is all the more gratifying in view of the fact that as time goes on the clinic carries an ever increasing burden of patients readmitted for recurrence of symptoms; and though reoperations for medulloblastomas and glioblastomas are perhaps less readily undertaken than formerly, even the most conservative among us can hardly refuse to reoperate upon the less malignant lesions like mcningiomas, neurinomas and astrocytomas when symptoms recur.
3. Mortality percentages for the separate turnout groups. These calculations are particularly illuminating in that they show how the percentages tumble so soon as the life history of any particular tumour has been thoroughly worked out. Of only a few tumours can it be said that this has been done with sufficient thoroughness to affect the operative results, but these few furnish striking illustrations. For example: The operative mortality of the once dreaded acoustic tumours (as shown in Table III ) has fallen for each successive 50 cases from a s to ~0~v to 14~v to 4c/v case mortality. The present operative mortality for the chromophobe adenomas, formerly circa 13~v, has also dropped to slightly below 4 percent. The figures for the cerebellar astrocytomas, practically unknown ten years ago, have fallen from a 28~v case mortality for the first 25 patients to 4~v for the last ~5 cases. Even the highly malignant glioblastomas of the cerebrum have shown a drop from 24c/v for the whole series to 14(~v; and now that the cerebellar medulloblastomas are better understood, even these--the most disheartening of all brain tumours--may be expected to show a great improvement in their operative percentages.
In Table VI , the mortality figures have been assembled, not only for the eleven major subdi- This table, therefore, by the exclusion of old cases readmitted during the last three-year period because of the symptomatic recurrence of tumours imperfectly treated at an earlier day, gives a clearer idea of what results may reasonably be expected of those newcomers to neuro-surgery who can profit, not only by the present-day improvements in technique, but by the existing state of our knowledge regarding the life history of the various lesions. And should they take warning from the experience of others in avoiding overradical attempts to remove large congenital craniopharyngiomas, in refraining from operating on obviously metastatic tumours, and in refusing all secondary operations for recurrences, they could easily attain a case mortality of four or five percent for the whole.
Factors influencing mortality percentages. These wholesale statistics, given in the last three tables, will serve, I hope, to give others who engage in like tasks something to play against. The more important figures are those which pertain to special tumours in special situations and they will be found in the body of the paper (to be published in another place) where the various lesions are separately considered. Had it not been for the industry of Dr. Eisenhardt, these calculations would never have been made; but now that they have been, they may well enough be published even though there is no reason for taking pride in what they show. The high mortality percentages of the early cases still cast their shadow over the figures for the complete series.
It has been erroneously assumed in some quarters that the improved results of recent years are due to earlier diagnoses rather than to greater skill and experience--in other words, that the neuro-surgeon of to-day deals with a selective list of relatively favourable lesions. This assumption is far from the actual facts. In reality, each year problems become more difficult than those of the year before. The proportion of patients admitted as <<forlorn hopes>) in the terminal stages of their malady, often after illjudged procedures at the hands of surgeons with little or no neuro-surgical training, is as large as it ever was. What is more, each succeeding year sees tumours surgically exposed, like tumours of the third ventricle, which formerly were regarded as hopelessly inaccessible. Hence, all things considered and in spite of the constant improvement in diagnosis and surgical technique, the operations as time passes become increasingly critical and difficult.
The principal steps which have made it possible not only to attack the more formidable problems of the present day but at the same time to lower the operative mortality may be chronologically enumerated: 1. the generally accepted methods of decompression to relieve tension; ~. such irre- proachable wound healing that secondary infections are practically unknown; 3. the separate closure of the galea by buried fine black silk sutures which has made the once dreaded fungus cerebri nigh forgotten; 4. in place of ether inhalation, the introduction by de Martel of local anaesthesia now supplemented when necessary by the rectal administration of tribromethanol; 5. the more precise tumour localisation which in obscure cases Dandy's ventriculography permits us to make; 6. the use of a motor-driven suction apparatus as an indispensable adjunct to every operation; and 7. the successive improvements in methods of haemostasis which since 1927 have been most advantageously supplemented by the introduction of electro-surgical devices. But the operation itself is by no means the whole story. The after care is equally important for unsuspected complications may arise at any moment which if overlooked or neglected may wholly turn the scale. This has been well summarized in Dr. Eisenhardt's paper of two years ago:
Rarely is more than one major operation for tumour scheduled for one day. Most of the operations are carried through under local anaesthesia, and all are started in this way. Patients who have been subjected to a craniotomy are not moved from the operating suite until the danger of the formation of a postoperative extradural clot has passed. After critical cerebellar operations, particularly if inhalation narcosis has been necessitated, the patients are usually left on the table for several hours until they have fully recovered, and they are often kept in the operating suite for a number of days. Those with deglutitory difficulties must often be fed through the nares for prolonged periods. For charity patients who are in a critical condition, from this or some other cause, special nurses are provided and paid for out of a fund donated for the purpose.
Since this was written we have taken an additional safeguard: namely, in providing for the individed service of a highly trained nurse, who, while the surgeons are engaged in their time-consuming operations, can devote her attention to the more critically ill of the thirty or forty patients either awaiting operation or already operated upon whom we sometimes have under observation at one time. Unquestionably many lives have been saved in this way, for less experienced nurses or junior house officers can hardly be expected to appreciate the significance of symptoms which indicate that something is going wrong with a patient recently operated upon for a brain tumour; and a few hours' delay due to the misinterpretation or neglect of a warning signal may mean the difference between a fatality and a recovery.
